












































































































































































to date2 1 •  Schedules call for a 3-year implementation period of a system 

design incorporating a media growth transmission capacity equal to three times 

initial capacity, to accommodate projected heeds of a 10-year expansion period, 

which may result in network requirements for 8000 terminals serving 20,000 

people. Highlights of the USDA LAN requirements include: 

� Interconnection within and among the four buildings of the USDA Washing
ton, D.C., complex: the South Building, Administration Building, Auditors 

Building, and Cotton ( Agriculture) Annex Building, a complex that houses 
23 significant ADP/T centers. 

� Support of four principal communications categories: data, voice, video, 
and telemetry; 

Data applications requirements include: 

1) 36 FDX (full duplex) dedicated, point-to-point links to support
synchronous rates to 64 kb/s,

2) 12 FDX dedicated, point-to-point links to support synchronous
rates to 1 .544 Mb/s,

3) 100 FDX, circuit-switched, point-to-point links to support
synchronous and/or asynchronous rates to 19.2 kb/s, and

4) 2000 FDX, packet-switched links to support asynchronous rates to
19.2 kb/s.

Voice applications requirements include: 

1) 12 FDX, dedicated, point-to-point links operating at the DS-1
rate, to be available throughout the D.C. complex, and

2) DS-3 multiplexing.

Video applications requirements include: 

1) Video origination and broadcast capability for all offices
within the complex, utilizing five 6-MHz broadcast channels and
two 6·-MHz origination channels, au· compatible with standard
NTSC (North American standard for broadcast color television
col or video) .

21 Content of this section has been excerpted from U.S. Department of Agricul
ture LAN procuranent documents provided by Herb Mendelsohn of USDA (private canmunication). 
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Telemetry appli cations requirements include: 

1) 1000 FDX, dedicated, point-to-point links to support rates of
300 bis and

2) 20 FDX, dedicated, point
kb/s.

nt links to support rates of 19.2 

® Gateways to connect the USDA LAN to the following target networks: 

1) A planned replacement telephone system (to incorporate both X,25
and asynchronous TTY gateways),

2) DEPNET ( existing USDA-wide packet-switched DEPartment NET work
provided by GTE Telenet),

3) Existing IEEE 802 CSMA/CD networks, and

4) Existing Wang networks.

� Support of various communication protocols for compatibility with speci
fied existing terminal equipment. 

• Network control center capabilities to include:

1) Periodic testing for system status and verification,

2) Fault detection, reporting, isolation, and restoration,

3) Maintenance logging,

4) System usage monitoring,

5) Collection and processing of accounting data,

6) Traffic analysis, and

7) Management of all data base information.

� Multilevel security requirements, including special protection for closed 
user groups. 

A contract award was made to Information Systems & Networks Corp. (ISN). 

Their network approach, according to their technical proposal, is based on 
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"Ungermann-Bass baseline system ctesign."22 

to meet the above requirements, include: 

Highlights of the system design, 

• Dual broadband cable system approach that supports the entire spectrum of
connectivity required for data, voice, video, and telemetry data transfer,
and provides for future bandwidth expansion requirements. (Stated to 
provide twice the bandwidth of a single\\J.cable system at a small incre
mental price increase.)

@ Capability to extend the network to a 1-mile (1.6-km) distance. Initial
requirements are for a maximum of 2500 ft (750 m).

® Provision of full channel spectrum, without guard bands, from 5 MHz to 450 
MHz. 

@ Permits trunk transmission at 5 Mb/s with multiplexing efficiency to 
support 2000 users (stated as calculated network throughput), with 
adequate capacity for the estimated future quadrupling of requirements. 

@ Use of modular, single-frequency Network Interface Uni ts for all network 
interfaces. 

@ Network equipment that uses the CSMA/CD access method (based on suit
ability for video transmission); USDA requirements for also supporting 
token bus access will be met by use of a logical token ring based on the 
IEEE 802.3 token bus media access control (MAC). 

e A Network Control Center, incorporating all required functions, with total 
network control from a single point, using a 32-bit micro computer 
incorporating the Motorola MC68010 processor. 

In their technical proposal, ISN recommended that optical fiber cable be 

included in all underground trunking provided for the USDA LAN, "in anticipa-

tion of its eventual usefulness when the technology matures." This is not 

being done, because (a) of inadequate remaining space in the 4hinch (102-mm) 

interbuilding ducts after the coax installation, and (b) for the short runs 

involved, the USDA di ct not consider the approach cost-effective (private 

communication, Herb Mendelsohn, USDA). The initial ISN investigations indi

cated that while optical fiber cable price is dropping significantly, the 

2 2 In their RFP, the contractor discusses the Ungermann-Bass Net/One™ LAN; 
Ungermann-Bass offers several mutually compatible versions of the Net/One, 
including an optical fiber implementation (DataPro, 1985). From the ISN data, 
they appear to be basing their system on the Net/One·Broadband version. 
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current cost of connectors is prohi bi ti ve for large LANs requiring many 

outlets. 

Also, the lack of efficient optical taps became a critical element in the 

USDA decision not to use fiber for horizontal distribution; their LAN design 

requires taps every 50 ft (15 m). Use of fiber for the primary backbone, with 

copper for horizontal distribution, was considered but decided against for 

several reasons: requisite electronics for transition from fiber to TWP were 

too expensive and too large to fit into existing wiring closets, and this 

approach would not have fulfilled all system requirements, since TWP would not 

have handled total video and high-speed data needs. Hybrid use of fiber and 

coax (for the horizontal distribution) was also considered, but devices for 

fiber-to-coax transition did not exist. 

Thus, no viable systems alternative to broadband, end.,.,to-end CATV /coax 

technology was found. The USDA received no proposals for overall optical fiber 

implementation of the proposed network, i.e., for distribution to the user 

work-station area (private communication, Herb Mendelsohn, USDA). 

5. BUILDING DISTRIBUTION SYSTEMS

The post-divestiture competitive environment, coupled with the rapid 

evolution of new communication terminal equipment as well as PABX and LAN 

systems, has made on-premises "wiring" crucially important. From the user's 

vantage point, building distribution costs are no longer concealed in communi

cations lease costs, and existing plant is often found to be inadequate for 

and/or incompatible with new equipment. This is so not only for high-speed 

data, LAN-type transmission requirements, but also for state-of-the-art PABXs. 

An example of such obsolescence is the Library of Congress on�premises 

upgrade discussed in Section 4.4.1 of this report. Although the LC decided to 

remove all existing wiring in the two older buildings in their D.C. complex, 

they hoped to utilize existing TWP plant ( at least for voice and low-speed 

data) in Madison, the "new" building, with the knowledge that the wiring 

belonged to the local operating company. Accordingly, arrangements were made 

with Northern Telecom to test the wiring system with their Meridian voice/data 

PABX (private communication, presentation by Manny Bahrami, LC, to the FOTG, 

February 4, 1986). 
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Results were discouraging; the horizontal wiring proved to be 24 AWG 

(which the Meridian requires), but vertical distribution was 26 AWG, which is 

too small to handle the switch trunks. On testing the 24-AWG plant with a data 

circuit, installers found it impossible to get any transmission at all through 

randomly selected pairs; testing of characteristic impedance showed a Z
0 

ranging between 600 and 800 ohms, with some pairs as high as 1200 ohms. (The 

Meridian requires a maximum Z0 of 100 ohms.) Northern Telecom cleaned up some 

lines, resplicing the wire, and the Z0 fell to "'100 ohms, permitting the switch 

to function normally over these circuits. Based on this experience, the LC has 

decided to rewire Madison using the AT&T Premises Distribution System, a long

range plan to follow the rewiring of the two older buildings in conjunction 

with their renovation. 

Problems similar to this have become so chronic that not only have users 

banded together in experience/problem-sharing activities such as the FOTG, but 

industry has also found it necessary to take action. The EIA TR-41 .8 ad hoc 

Working Group on Building Wiring for Commercial Enterprises was formed by 

terminal equipment manufacturers in November 1985 as the result of the growing 

number of experiences similar to those of the Library of Congress above. These 

manufacturers have found that their state-of-the-art equipment all too often 

will not meet performance specifications when operating with embedded wiring 

plant. The goal of the ad hoc Working Group is to prepare an on-premises 

wiring standard that will serve as a vendor-independent user installation guide 

for, distribution systems capable of handling all perceived requirements for the 

foreseeable future. 

In recognition of the multitude of problems associated with building

wi ring obsolescence, several 1 arge U.S. firms have announced proprietary 

building-distribution systems within the past 2 years. It is important to note 

that these distribution systems constitute building-wiring architectures, and 

are not necessarily associated with specific communication systems such as 

LANs. Indeed, all vendors offering wiring-distribution systems stress, to some 

degree, vendor-independence (e.g., transparency to terminal equipment and data 

networks). Some systems, however, ( such as IBM's) are tailored to specific 

requirements of proprietary LANs ( although not necessarily limited to their 

use). Some vendors are engaged in both manufacturing wire and cable, including 

optical fiber cable, and installing it (e.g., AT&T-IS and Siecor FiberLAN). 
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Others only manufacture cable (e.g,, AMP); whereas for some (e.g., IBM), the 

primary motivation for cabling systems specification and sales appears to be 

the assurance of optimum compatibility with the1r LAN and terminal product 

lines. 

Most of the major contenders are represented on the EIA ad. hoc TR-41 .8 

Work1ng Group and, not unexpectedly, are negotiating for approval of key 

elements of their proprietary distribution systems, As of August 1986, there 

has been considerable progress in agreement on overall building wiring 

architecture, but contention still exists over types of transmission media 

proposed for horizontal distribution, Candidates include several TWP gages of 

at least two Z 's, several optical fiber core/cladding diameters, and coax. 
0 

December 1986 is the target date for completion of the draft EIA wiring 

standard; participants are confident that it will be a useful design document. 

The following sections give highlights of some of the available building 

distribution systems. These summaries are deliberately brief; vendor documen

tation on most of the systems is very detailed, and in-depth analysis is not 

within the scope of this report. The interested reader is directed to the 

referenced sources for further information. Selection of vendors is somewhat 

arbitrary, including those who have given technical presentations to the FOTG, 

and is certainly not all inclusive. As indicated by the USDA on-premises 

upgrade (discussed in Section 4.4.2 of this report), independent firms are 

capable of designing major installations and winning contracts for them. 

5.1 AMP, Inc., Undercarpet Cabling System 

The firm, AMP, has previously been known primarily as a connector manufac

turer. In early 1985, it was announced that their top management had become 

committed also to networking, and involved in the OSI Physical L ayer of 

networking, "the backbone of any networking system."23 While the manufacturer 

has indicated intentions of marketing LAN systems, the initial systems contri

bution to on-premises communications has been development of the AMP Under

carpet Cabling System, which uses flat, under-the-carpet cable for intrabuildr

ing distribution of all utilities (communications and power). 

2 3 This section is excerpted from transcripts of a technical presentation 
given by AMP to the FOTG on April 17, 1985, Additional information is obtain~· 
able from: Marketing Director, AMP Special Industries, Southeastern, PA 19399, 
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The flat communication cable is manufactured in a variety of types, 

including TWP, coax, and optical fiber. A unique feature of the flat optical 

fiber cable is the AMP "turn fitting," which permits a 45 ° or 90 ° turn around 

room corners without requiring a difference in fiber length or creating fiber 

microbends. Their optical fiber product line (which includes flat and 

conventional cable), designated the AMP OPTIMATE Fiber Optic Interconnection 

System, includes everything required for on-premises interconnection except 

outdoor cable. Thus, they can provide interconnection to outside trunks 

supplied by the telephone company (or other interconnect supplier), with the 

capability for all internal distribution, including that to individual work 

station areas, by means of the flat undercarpet optical fiber cable. 

Primary AMP goals in designing an office building distribution system 

using the flat cable are to make it more cost effective and more flexible in 

the changing and moving of people, typically within modern "open landscaping," 

partition-divided areas. Under-the-carpet installation achieves these goals by 

eliminating all exposed conduits and permitting work station moves without 

creating a proliferation of "extension" cables. 

While AMP does not perform installation of their cabling systems, the firm 

does work closely with installers, providing training backed by an in-house 

laboratory test program. 

5.2 AT&TrIS Premises Distribution System 

The AT&T-Information Systems' Premises Distribution System (PDS) is 

considered by AT&T to be a common distribution architecture tying together 

their voice, data, and office products as well as those of other vendors. 2 '+ 

The AT&T PDS services include site reconnaissance, distribution planning, 

custom engineering, product procurement, project management, installation, 

administration, and maintenance. 

In developing PDS, AT&T has taken the perspective that a vendor cannot 

afford continuously to offer new products that require different distribution 

2 '+ This section is paraphrased from private communications from W.C. Hubner, 
Jr., AT&Ti-1S, and from various PDS technical/promotional literature. Because 
much of this literature is in progress of revision, the reader is directed to 
the nearest AT&T Information Systems Account Team for current PDS technical 

information. 
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systems. For AT&T, PDS represents internal consistency in this sense; but they 

realize that customers also want flexibility with respect to vendors, and AT&T 

is therefore working with other vendors to include a wider variety of voice and 

data applications. Their PDS support includes the AT&T STARLAN 1-Mb/s CSMA/CD 

local area network, the AT&T 8.64-Mb/s baseband Information Systems Network 

(ISN), which offers protocol conversion for IBM 3270 BSC and SDLC terminals, 

and AT&T System 85 and System 75 digital PABXs. 

Technical highlights of the "most recommended" (by AT&T) PDS options are 

summarized below, including AT&T rationale for transmission media recommenda
tions. 

� Topology: modified star, with station outlets connected to satellite 
closets that are then connected to main administration points (common 
equipment and/or computer rooms), with modifications for very large or 
small installations. Claimed advantages are those historically associated 
with physical star topologies: simplified changes and rearrangements with 
the centralized approach; simplified expansion because stations are added 
from the node out (only the stations directly served by a link are 
affected by failure of that link); easy, central access to status and 
trouble information; and natural concentration points formed by intermed
iate nodes to utilize, for example, higher bandwidth media such as fiber 
optics. 

® Common Distribution Architecture Concept (Subsystem Model): particularly 
suited for the modified star topology. The model can also be applied to 
other topologies: 

® Work location w1 ring subsystem: connects user equipment to the wall 
outlet, typically using a simple mounting cord with modular plugs. 
Various active and passive adapters are also available, e.g., for 
EIA-232-C, IBM 3270 Type A, and Wang OIS/VS devices, the latter 
incorporating 'baluns (devices for balanced/unbalanced conversion). 

� Horizontal subsystem: connects wall outlets to satellite closets; 
unshielded TWP cable is typically used, each link serving one 
station. Two 4-pair cables are recommended for flexibility, for 
example, to access easily two applications such as a PABX and a LAN 
simultaneously. Recommended maximum path length is 250 ft (76 m), 
even though all current PDS applications can be supported over 
greater distances. The two cables are terminated in a wall outlet 

with two 8-pin modular jacks, which act as ·a universal interface to 
PDS. (Various versions of the 8-pin modular jack are currently being 
considered for standardization as ISDN basic and primary interfaces.) 
"Shared jack" arrangements are available, to allow two applications, 
e.g., for an analog telephone and an IBM 3270 terminal to share one 

8-pin jack and one 4-pair cable run. 
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@ Backbone ( riser) subsystem: connects satellite closets to main 
administration points, each link serving many stations, using both 
unshielded multipair TWP and optical fiber cable, This higher 
bandwidth requirement can be satisfied by either using many cable 
runs in parallel or using a higher capacity medium and performing 
multiplexing or concentration in the satellite closet. 

� Campus subsystem: an extension of the backbone subsystem 
nect buildings in a campus or office-park environment, 
both unshielded multipair TWP and optical fiber cables. 
protection and grounding facilities. 

to intercon·
again using 
May include 

@ Equ ipment cabling subsystem: connects equipment in main equipment 
room or in satellite closets to the distribution system via adminis
tration hardware. Can utilize simple patchcords or special harnesses 
or adapters. 

• Administration subsystem: ties the other subsystems together and
permits routing and tracking of indi victual connections. Includes
both copper and fiber cross-connects, interconnects, and wall
outlets.

e Transmission media: PDS is based on use of unshielded TWP copper cables 
and fiber optics: 

e Unshielded TWP cable in sizes of 22, 24, and 26 AWG are all used, the 
most popular being the 24-AWG version called "D-type Inside Wire" 
(DIW). Used extensively in PDS, DIW cable supports data applications 
at 1, 1 .5, 2.4, and 4.3 Mb/s, and can often replace other media such 
as coax or twinax. 

During development of PDS, AT&T considered and compared various 
copper transmission media, including coax and shiel cted TWP. 
Unshielded TWP was chosen as the optimum copper medium in the 
analysis of pe·rformance/cost tradeoffs. Shielded TWP cable, which is 
more expensive and presents installation difficulties, is considered 
effective for horizontal distribution only if employed in an environ
ment where all building wiring is shielded. Coax is no longer 
recommended by AT&T-IS for new building-wiring installations, and is 
included in PDS specifications only to handle retrofits of older 
buildings where coax is already in place. Their goal in such cases 
is "to show customers how to convert to TWP and fiber" (private 
communication, Hank Dorris, AT&T-IS, presentation to the FTSC, April 
1 0, 1986) • 

@ Fiber optics is the other medium extensively used in PDS, offering 
well,...known advantages. PDS recommends 62.5/125-µm fiber, which is 
available in many cable sizes and different sheath characteristics 
for various environments. One cable example is a backbone ribbon 
design, of approximately 0.5-in. (1.3-cm) diameter, containing up to 
144 fibers. 
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The AT&T anticipates that th.e optical fi.ber backbone will increasingly 

replace the copper system in the next several years, and that, with this 

evolution the satellite closet will hou�qe more electronics to perform concen-· 

tration, multiplexing, and routing functions. They also expect that as fiber 

technology evolves, it will find increased usage in the hor:i.zontal subsystem, 

where currently it i.s typically used only for very high frequency devices such 

as full-·motion video. As of early 1986, AT&T-IS reports their use of fi.ber for 

customer horizontal distribution to be <10% of total installations (private 

communication, W.C, Hubner, Jr., AT&T-IS, presentation to the EIA TR-·41 .8 ad 

hoc Working Group). (See Section 4.4.1 of this report on the Library of 

Congress application of PDS, using optical fiber and TWP cable for horizontal 

runs to work station areas.) 

5,3 IBM Cabling System 

The IBM Cabling System, 25 publicly announced in May 1984, provides a 

uniform, structured approach to the interconnection of data processing equip-

ment within a building or campus of buildings. Original specifications for 

the Cabling System are directed toward data transmission, apparently intended 

primarily for application to IBM LAN products. However, an October 1985 IBM 

announcement added support for unshielded TWP cable (designated Type 2), which 

is suitable for PABX use, and whose specification is compatible with much 

installed on-premises telephone wiring. 

The first IBM LAN product designed for operation over their Cabling System 

was introduced on October 1985: the IBM Token Ring Network, a LAN that operates 

over the Cabling System at speeds to 4 Mb/s. The IBM Token Ring Network 

conforms to IEEE 802. 5 as well as ECMA ( European Computer Manufacturers 

Association) 89 for token-ring baseband LANs. The LAN cons ti tut es an "open" 

architecture for the potential accommodation of both IBM and non-IBM terminal 

equipment. As of January 1986, however, only IBM PCs could be attached to the 

Cabling System, by means of the Token Ring Network. (This application should 

not be confused with the [IBM] PC Network, which is manufactured by Sytek, 

25 Datapro Section C11-491-901, January 1986, gives a summary of the IBM 
Cabling System capabilities; information is contained in planning and installer 

tion guides available from: IBM Corp., Information Devel6pment, Dept. E01, PO 
Box 12195, Research Triangle Park, NC 27709. 
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which does not operate over the Cabling System, but rather over broadband 

coax.) IBM has stated that, in the future, most of their communication 

products will be able to be attached to the Cabling System via the Token Ring 

Network, as an alternative to coax and other cabling now used. (As with the 

AT&T PDS, IBM does not recommend coax for buildi.ng distribution in their 

Cabling System but, like AT&T, provides a variety of devices to attach coax and 

twinaxial devi.ces to the Cabling System.) 

Cabling System follows: 

A summary of highli.ghts of the IBM

E& Topology: physical star, loglcal token ring. Star w1r1ng connects work 
stations to a centralized wiring closet, providing historical advantages 
of the star configuration. (See discussion in Section 5.2 above.) The 

logical ring token-passing flow control is handled by a central control 
device at the wiring closet. 

@ Transmission media: the Cabling System is based on use of shielded TWP 
and optical fiber cables for data transmission, with a recently introduced 
unshielded TWP cable for telephony; of the cable types below, the Token 

Ring Network supports all but Type 5, the optical fiber version: 26 

@ Type 1, Type 1 Plenum, and Type 1 outdoor (data applications): two 
twisted pairs· of 22-AWG solid conductors, in shielded cable with 
appropriate sheaths. 

411 Type 2 and Type 2 Plenum (data and telephone applications): two 
shielded twisted pairs of 22-AWG solid conductors for data, plus four 
unshielded 22-AWG pairs for telephony, within a common cable jacket, 
with appropriate sheaths. 

@ Type 3 Specified (low-speed data and telephone applications): 
unshielded 22/24-AWG, solid copper TWP, minimum two twists per foot; 
4-pair cable is recommended. Not manufactured or sold by IBM.

@ Type 4: No data are available in the current specifications. 

@ Type 5 (optical fiber): cable containing two 100/140-µm fibers; 

recommended indoor for non-plenum applications, outdoor fbr aerial 
applications or in dry, waterproof, underground conduits. 

@ Type 6 (data applications): two twisted pairs of 26-AWG stranded 
conductors; for use in making patch cables; available for non-plenum 

applications only. 

26 Update: According to Photonics Spectra's Press Time Bulletin (May 1986, 

p.8), IBM has announced product availability for optical fiber implementation
of theit' token ring LJ\.N. This includes cable (using 100/140-µm fiber), 

connectors, E/0 converters, and repeaters, 
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ll!l Other components: the IBM Cabling System provides a full range of 

other devices for TWP cable interconnection between us3r work station 
area and external network interfac,o, including: connectors, face

plates, surface mounts, distribution panels, surge sup)ressors, patch 
cables, and test equipment. The anticipated announcenent on optical 
fiber implementation may be expected to add similar flber-compatible 
components, 

IBM specifies a nominal characteristic impedance of 150 ohm3 (3 to 20 MHz) 

for their 17data grade,n shielded twisted-wire pairs. The goal is to reduce 

attenuation (compared to that experienced by the more-often used 100-ohm TWP), 

and thereby to increase run lengths for their Token Ring Network, Shielding is 

specified to minimize EMI within a range of unknown environments, 

6. SUMMAiY AND CONCLUSIONS

This report has presented background for establishing an interagency task 

group to develop guidelines for Federal agencies wishing to consider optical 

fiber media in on-premises communication systems, Tutorial introductions to 

LANs, PABXs, and optical fiber transmission media are presented. Current 

sources for LANs and PABXs are given in an attempt to show technology readiness 

for on-premises digital communications upgrades. Emphasis is placed on 

National standards acti vi ti es that promise support for the interoperability 

requirements of Federal agencies. The group has recommended pFS 1070 as a 

means of limiting the choices of optical fiber sizes for applications within 

the Federal government. Amendments to this proposed Federal standard are under 

consideration to limit the choice to one fiber size. 

Work of the FOTG will continue, with the goal of pursuing--if not optimum 

solutions to the myriad problems of on-premises upgradesr-at least a useful set 

of guidelines for their analysis. This report is intended as an interim 

documentation of current progress toward this achievement. 
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